Minor alleles of polymorphisms in the fatty acid desaturase (FADS) gene cluster have been associated with reduced desaturation of the precursor polyunsaturated fatty acids (FAs) in small studies. The effects of these polymorphisms during progressive developmental stages have not previously been reported. Data from blood samples for 4342 pregnant women, 3343 umbilical cords reflecting the newborn's blood supply and 5240 children aged 7 years were analysed to investigate the associations of polyunsaturated FAs with rs1535 and rs174575-two polymorphisms in the FADS2 gene. Strong positive associations were observed between the minor G allele for these two markers, especially rs1535, and the substrates linoleic (18:2n-6) and a-linolenic (18:3n-3) acid. Negative associations were observed for the more highly unsaturated FAs such as arachidonic acid (20:4n-6), timnodonic acid (EPA, 20:5n-3) and cervonic acid (DHA, 22:6n-3). Bivariable genetic associations using the mother and child genotypes suggested that the newborn metabolism had a greater capacity to synthesize the more highly unsaturated omega-6 FAs than the more highly unsaturated omega-3 FAs. Nevertheless, despite the immaturity of the neonate, there was evidence that synthesis of DHA was occurring. However, by 7 years, no associations were observed with the maternal genotype. This suggested that the children's FA levels were related only to their own metabolism with no apparent lasting influences of the in utero environment.
INTRODUCTION
There are two main classes of polyunsaturated fatty acids (FAs), omega-3 and omega-6, characterized by a double bond at position 3 or 6 from the methyl end of the carbon chain. Omega-9 is a further class of polyunsaturated FAs, but appreciable amounts of these FAs occur only with omega-3 and omega-6 deficiency (1). The long-chain polyunsaturated FAs such as arachidonic acid (AA), timnodonic acid (EPA) and cervonic acid (DHA) are involved in key biological processes, including inflammatory responses, gene expression and cellular fluidity (2) . Although both omega-3 and omega-6 FAs are involved in these processes, they infer different properties.
For instance, the eicosanoids produced from AA tend to have a more inflammatory response than those from EPA.
Imbalance in the ratio of omega-6 to omega-3 FAs and/or deficiency in omega-3 FAs has been associated with adverse outcomes such as cardiovascular disease, type 2 diabetes and depression (3) . Pregnant mothers may also be at particular risk of deficiency during the last trimester when the fetal brain undergoes a growth spurt and demands for DHA are at their highest. Supplementation and the consumption of fish may ease this burden with benefits for both the mother and child. These may include reductions in pregnancy-related depression (4) and improvements in child IQ and visual development (5 -8) .
A number of studies have investigated the association between variants in the fatty acid desaturas (FADS) gene cluster and blood FA levels (9 -17) . Within this cluster, FADS1 and FADS2 genes encode the D-5 and D-6 desaturases. FADS3 is also likely to be involved but as yet its function is unknown (18) . These studies tended to report associations that were stronger for omega-6 FAs rather than omega-3 with AA having the most consistent results. Associations with the minor allele of FADS polymorphisms tended to be in a positive direction above AA/EPA in the cascade (see Fig. 1 ) whereas negative for the highly unsaturated FAs. These results suggest that the enzymes with the minor allele are less efficient at producing the derivatives with a complementary increase in pre-cursors left un-metabolized. However, with sample sizes ranging from 69 to 1231, many of these associations lacked statistically robustness. In particular, the association of FADS variants with DHA levels remains unclear.
In addition, these studies had left a number of questions unanswered. First, they had only considered the individual's genotype and its associations with FAs at one point in time in adolescence or adulthood. In this study, we examine the influence of the child genotype in combination with the maternal genotype at birth and at 7 years. This may elucidate any longterm influence of the in utero environment on FA metabolism in the offspring. Secondly, comparisons of the associations with maternal FAs in pregnancy and neonate FAs may identify the extent of the fetal dependence on the maternal supply. To date, there is only limited evidence that the supply of DHA and AA may be supplemented by the fetal synthesis (19) . Finally, there is some evidence that oestrogen may enhance the metabolism of DHA in females (20) . While this has been demonstrated in adults, it is less clear whether, in prepubertal children when differences in hormones levels are less, girls already exhibit a metabolic advantage.
This study will investigate two genetic variants of the FADS2 gene that have been implicated in an interaction with breastfeeding on child IQ (21, 22) . The importance of this gene may also be inferred from its role in two stages of the pathway (see Fig. 1 ) and from the D-6 desaturation generally being recognized as the rate-limiting step (23) .
RESULTS

FA data
Of the 8012 maternal erythrocyte (RBC) samples taken at various times during pregnancy (median 28 weeks), the 4192 cord blood plasma samples and the 5632 plasma samples at 7 years, 1 -3% of the data were excluded due to problems during the FA analysis (see Fig. 2 ). Descriptive statistics for these data are shown in Table 1 . There was some evidence of bio-magnification, the preferential transfer across the placenta (19, 24) , with relative increases in AA of 46%, DHA of 17%, BDPA (22:5n-6) of 105% and DGLA (22:3n-6) of 83%, such that concentrations in cord blood were higher than in the maternal circulation (all P , 4.9 × 10 219 , n ¼ 1644 paired samples). It was most noticeable that LA (18:2n-6) levels varied between the three data sets. Such results have been reported elsewhere and appear to be a facet of differences between RBC and plasma and variations in plasma levels with age. A fuller discussion of these points is given in Supplementary Material, Results S1.
All FA data were derived from non-fasting blood samples. To explore the impact of different lengths of fasting, we analysed the 7-year FA data in relation to the time of blood samples (see Supplementary Material, Table S1 ). Total FA concentrations increased throughout the day with the difference from the earliest to the latest time reflecting a relative change of 11.4%. While monounsaturated FAs (as a percentage of total FAs) followed this pattern, the increase was less at 4.8%. In contrast, polyunsaturated FAs decreased by 3.6% with saturated FAs changing the least with an increase of Figure 1 . Metabolic pathways in the synthesis of omega-6 and omega-3 FAs. Omega-6 and omega-3 are shown with their common/scientific names, their abbreviations used in this study and their chemical structure (length of carbon chain: number of unsaturated bonds). Metabolic stages are labelled with E for elongation with two carbon atoms, b for beta oxidation or D-5 or D-6 indicating desaturation at positions 5 and 6 from the carboxyl terminus. The two isomers for docosapentaenoic and tetracosapentaenoic acids have been arbitrarily labelled as a or b for the omega-3 or omega-6 variants, respectively. There is an equivalent pathway for omega-9 FAs (not shown) starting with oleic acid (18:1) converting to mead acid (22:3) via D-6, elongation, D-5 and elongation stages.
1.1%. Despite the overall pattern for polyunsaturated FAs, specific FAs deviated to varying extents. LA, the FA with the highest level, showed a decrease of 2.4%; AA showed a decrease of 7.3% while DHA, one of the FAs with the lowest levels, showed a decrease of 9.6%. ALA (18:3n-3) showed the opposite trend, increasing by 19.8%. The largest change in total FAs, FA groups or specific FAs, occurred after lunch.
FADS2 genotypes
Both genotypes for mother and child were in Hardy -Weinberg equilibrium (all P . 0.39). The minor allele frequencies were 26% (G allele for rs174 575) and 33% (G allele rs1535). Major alleles were C and A, respectively. Genotype models did not materially improve the explanation of FA data compared with the additive model in most analyses. However, there was evidence of non-linearity for the child genotype and EPA. In cord blood, GG children had a greater percentage of EPA than expected from the additive model (rs1535: genotype effect P ¼ 0.029, deviation from additive model P ¼ 0.011). In contrast at 7 years, GG children had less EPA than expected from the additive model (genotype effect P ¼ 2.5 × 10
272
, deviation from additive model P ¼ 0.000033). Similar results were observed for child rs174575 genotype but not for the maternal genotypes. Overall, these discrepancies from the general pattern did not change the conclusions and consequently only results for the additive model are reported in Tables 2, 3 , S2, S5 and S6.
For the maternal data, minor alleles of the FADS2 polymorphisms were generally positively associated with omega-6 FAs with two or three double bonds and with omega-3 FAs with three or four double bonds (see Table 2 and Supplementary Material, Table S2 ). The associations were negative for the more highly unsaturated FAs. DALA (20:3n-3) and TALA (22:3n-3), which do not require the D-6 desaturase, had no association with these genetic variants. However, the equivalent omega-6 FAs, EDA (20:2n-6) and DDA (22:2n-6), had positive associations, perhaps reflecting a greater quantity of LA left un-metabolized enhancing metabolism to these FAs via elongation. The variant rs1535 had consistently stronger associations than rs174575. This was most pronounced for the omega-6 FAs such as LA and EDA where the effect sizes were 60% larger on average.
A similar pattern emerged for omega-6 FAs measured in cord plasma. The maternal genotypes tended to have stronger associations than child genotypes where the minor allele was associated with higher levels. However, the reverse was apparent for the more highly unsaturated FAs where the minor allele was associated with lower levels. For omega-3 FAs, a somewhat different pattern emerged with weak or non-existent associations for ALA and EPA. In addition, there was some evidence that the relative strength of the associations with maternal or offspring genotypes was the opposite to that observed for omega-6 FAs, such that child genotypes exhibited stronger associations for the short-chain omega-3 FAs, but weaker associations for the long-chain FAs. However, the differences in univariable effect sizes were often small. The two polymorphisms had similar effects for these data although rs1535 had the larger effect sizes in 16 of the 22 analyses.
For the 7-year data, all FAs examined showed evidence of an association with both maternal and offspring genotypes. But in every case, a stronger association was observed with the offspring genotype. As for the maternal data, rs1535 tended to have the stronger association than rs174575 with larger effect sizes in 21 of the 24 analyses. However, for both maternal and offspring genotypes, rs174575 had the stronger association for DGLA.
Bivariable associations of maternal and offspring genotypes tended to confirm these univariable associations for cord plasma (see Table 3 ). However, it became apparent that the omega-6 associations were largely attributable to one source-either the maternal supply, as indexed by the maternal genotype (for the short-chain polyunsaturated FAs), or the newborn's own metabolism as indicated by the offspring genotype (for the long-chain polyunsaturated FAs). In contrast, the omega-3 associations were more equal. Both maternal and offspring genotypes contributed to the two important FAs such as AA and DHA, and also to DGLA. By 7 years, the pattern of associations had changed such that the influence of the maternal supply was minimal. Availability of FA and genetic data used in these analyses. Sample sizes are shown at various stages with the number of corresponding mothers shown in parentheses. For maternal FA data, the number of mothers was less than the number of observations due to repeat measurements obtained at various times during pregnancy. For neonate and child data, this feature reflected multiple pregnancies. The availability of genetic data varied by FADS2 polymorphism and for mothers and offspring. The numbers reported for these data reflect those observations with at least one genotype available.
Despite the strong statistical evidence for these associations, many of the effect sizes were modest, in many cases accounting for ,3% of the total variance in maternal and cord samples (see Supplementary Material, Table S3 ). DGLA was the exception, having the highest genetic explanations overall representing 7, 12 and 6% for maternal, cord and child levels, respectively, for rs1535. The equivalent R 2 for AA were 1.4, 2.6 and 18%, and for DHA, 0.6, 0.9 and 1.7%, respectively. For 7-year plasma, 9 of the 12 FAs had explanations .3% for rs1535.
Multivariable adjustment for potential confounders
The putative confounders were generally highly associated with FAs but not with genetic variants (see Supplementary Material, Table S4 ). The associations observed in unadjusted analyses generally persisted after adjustment although some effect sizes attenuated in these analyses but usually by ,5%. The largest attenuations were observed for AA (cord plasma) by 9.9%, DHA (cord plasma) by 7.7% and DHA (7-year plasma) by 7.2% (see Supplementary Material, Table S5 ). Some effect sizes increased after adjustment most notably for DGLA (cord plasma) and BDPA (7-year plasma). The limited extent of the changes in genetic effects after adjustment combined with the lack of any consistency in the direction of the changes is indicative of non-confounded associations. This is to be expected with genetic variants (25) .
Interactions with gender
We further explored whether the genetic associations were modified by gender. Given the more complex genetic associations with cord data, these analyses were confined to the 7-year data (see Supplementary Material, Table S6 ). Boys had a more pronounced negative genetic effects for AA with rs1535 and for mead acid with both polymorphisms. In contrast, the opposite effect was observed for DHA with rs174 575. These results reflected similar FA levels in boys and girls with GG genotype (homozygotes in the minor allele) but differences in levels for homozygotes in the major alleles (see Fig. 3 ). Adjustment for multiple comparisons (critical P ¼ 0.0021) suggested that all these results could have occurred by chance. We also examined gender differences in FA levels after adjusting for confounders and exogenous or dietary sources of FAs. This is based on the assumption that any residual gender effect could be attributed to endogenous sources including interactions with genetic variants. Boys had higher levels for 8 of the 12 polyunsaturated FAs (EDA, P ¼ 0.010; all other P , 3.4 × 10
25
; n ¼ 3951), with similar levels for LA, EPA and DHA (P ¼ 0.75, 0.064 and 0.67) and lower levels for ALA (P ¼ 0.016) (see Supplementary Material, Table S7 ). The critical P-value for these 12 comparisons was 0.038, using the false discovery rate.
DISCUSSION
This is the first large-scale study to compare the effect of two polymorphisms in the FADS2 gene on FA profiles at three time points: during pregnancy for the mother, at birth for the neonate and at 7 years old for the child. In all three data sets, the two genetic variants had strong associations with most of the polyunsaturated FAs reported in this study. These results were consistent with the minor allele being associated with lower activity leading to reduced amounts of the products but increased amounts of the un-metabolized precursors. These associations were not restricted to precursors or products of the specific D-6 metabolic stage, but included other associations possibly reflecting linkage disequilibrium (LD) with D-5 variants in the FADS1 gene.
The pattern of results was much clearer than that observed in other single studies probably due to the larger sample size. No previous study has reported robust associations for DHA (9,11 -14) or for BDPA (14) for FADS2 single nucleotide polymorphisms (SNPs). The synthesis of DHA is particularly important for the development of the offspring as DHA accumulates in the brain and retina (26) . The result from this study for DHA complements another study that showed an association with a deletion in the intergenic FADS1 -FADS2 region considered the promoter region for FADS2 (17) . In contrast, a recent meta-analysis of the results from five cohorts with European ancestry failed to observe robust associations between FADS2 and DHA after correction for multiple testing despite a combined n of 8866 (27) . In our 7-year data, a negative association with the minor allele was observed for GLA (18:3n-6) . This association would be expected since GLA is the product of a D-6 desaturase on LA. This association has previously been reported in one study (14) but not in another study (13) . The lack of an association with DALA and TALA is consistent with the metabolic pathway for these FAs which do not require a D-6 desaturase for their synthesis. However, the positive associations for the equivalent omega-6 FAs, EDA and DDA, may also suggest that the lack of association for these omega-3 FAs arises due to extensive conversion of ALA into EPA leaving low levels of the substrate available for conversion to DALA and TALA (28).
Results for the cord data showed contrasting results for the maternal and child genotypes. For some FAs, the maternal association was stronger while for others the child genotype showed the stronger association. This pattern of results suggests that two different mechanisms are operating. Since the fetus is dependent on the maternal supply, it was to be expected that the maternal signal as observed in the maternal blood would be reflected in the cord blood. The modification of this signal suggests that the placenta is compensating for variations in the maternal circulation particularly for the highly unsaturated omega-6 FAs. A recent paper has indicated that the FA-binding protein gene, FABP-3, may be involved in this process (Steer et al., submitted for publication) . Secondly, these results may also reflect differential stages of maturity of the newborn's metabolic systems with some FAs being dominated by the maternal supply but others less so. If this explanation is valid, it suggests that the newborn has a greater capacity to synthesize the more highly unsaturated omega-6 as for the similar omega-3 FAs (19, 24) . For instance, the effect of the child genotype was twice that of the maternal genotype for AA although this difference was present only when the precursor LA was in abundance. In contrast, for the omega-3 DHA, the effect sizes were similar.
There was evidence of bio-magnification for DGLA, AA, BDPA and DHA in this study. Although some of these increases in cord FAs might have been due to differences in the FA profiles of RBC and total plasma, other studies have shown similar relative increases between maternal-cord RBC and plasma phospholipids of 66, 87, 93 and 59%, respectively, on average (29, 30) . While the variation between these studies and blood fraction is large, the increase in DHA being less than BDPA is consistent with this study. Given the results from our bivariable genetic associations, it seems probable that some of the increases may be a reflection of the newborn's own metabolism.
It has been suggested that the maternal diet during pregnancy can have long-lasting influences on child development, including behavioural and cognitive outcomes (6) . From our results, there is no evidence that this is due to any 'programmed' impairment in the synthesis of DHA. By 7 years of age, we found no association between FA levels and the maternal genotype after adjustment for the child genotype. More plausible explanations for such long-term developmental effects may be subtle changes to the neuroanatomy or neurochemistry resulting from nutritional deficiencies at critical time points (31) .
A companion study on the same cohort has examined nine other FADS2 polymorphisms in relation to maternal FA levels (32) . As expected, our results supported the findings from that study. The strength of the associations varied between polymorphisms with perhaps rs174578, rs174574 and then rs1535 having the strongest associations overall across different FAs. From the present study, rs1535 had the strongest associations for DGLA and AA compared with the other nine SNPs and rs174575.
Although, in general, the FADS2 polymorphisms explained a modest proportion of the variability in FAs, by 7 years, this was not always the case. The explanation of AA in this study of 18% for rs1535 was equivalent to the reported explanation of 19% for rs174537, 28% by five SNPs in the FADS1/FADS2 region and 19% for rs174546 (12, 14, 33) but higher than 10% for rs174537 and 2.6% for rs174546 in other studies (34, 35) . While we might expect a functional SNP to have the strongest Figure 3 . Gender interactions with FADS2 polymorphisms for DHA and mead acid levels at 7 years. Gender by genotype means are shown for two FAs with 95% CIs. (A) Boys showed a stronger genetic effect than girls for mead acid (P ¼ 0.0021). In contrast for (B), girls showed a stronger effect for DHA (P ¼ 0.039). Both these interactions tended to reflect similar levels for GG boys and girls with differences becoming most marked for homozygotes in the major allele. associations with particular FAs, which reflect the substrates or products of its associated enzyme, it is surprising that rs174537 and rs174546 (FADS1) had the strongest associations with AA as well as rs1535. The explanation appears to be that, despite being related to different genes, all three SNPs were in perfect LD (HapMap build 21, CEU database) . This would suggest that other criteria may be needed to identify functional SNPs.
The FADS2 variants examined in this study were related to changes in many FAs, and, as a consequence, cannot be used, in a straightforward fashion, as an instrument for changes in the level of any particular FA within a Mendelian randomization framework (36) . However, they may be useful in identifying the role of the highly unsaturated FAs if such a role is largely unrelated to the specific FAs in the omega-6 or omega-3 pathways. In this context, rs1535 may be a candidate for future research. Interrogating further genetic variants in these pathways may allow for identification of more specific influences on particular FAs. Alternatively, interactions between dietary intake and the genetic variants identified in the present study can strengthen evidence regarding the causal effects of particular components of dietary intake on health outcomes (37) .
Gender has been proposed to modify FA metabolism in two ways (20) . First, women may have a reduced requirement for ALA as a substrate in b-oxidation perhaps due to their lower muscle mass. This increases the availability of ALA as a precursor for the long-chain omega-3 FAs such as DHA. Secondly, oestrogen may increase the activity of the desaturase and elongase enzymes. In this study, we found little or no evidence of increased D-6 desaturase activity after adjustment for multiple comparisons. A weaker genetic effect for mead acid in girls of borderline significance and lower levels for many of the omega-6 FAs in girls might possibly support the increased activity hypothesis if these results reflect enhanced preferences to convert the omega-3 rather than the omega-6 or the omega-9 FAs (38). We observed higher levels of ALA in girls as expected by the b-oxidation hypothesis; this did not translate to higher levels of EPA or DHA after adjustment. In contrast, there was evidence of differences in DPA (22:5n-3) levels. However, boys had higher levels not lower levels as expected. Overall, our results are somewhat equivocal that may reflect the smaller difference in oestrogen levels between pre-pubertal boys and girls compared with adults. Further work is needed to explore whether the genetic signal differs between pre-pubertal boys and girls and, if so, whether oestrogen or higher levels of ALA are amplifying the genetic signal in girls.
In summary, we have shown strong associations of two FADS2 SNPs with levels of polyunsaturated FAs. We have explored the impact of the in utero environment as influenced by the maternal genotype on the child's FA levels. At birth, the influence was strong but not for the very highly unsaturated omega-6 FAs (DTA (22:4n-6) or lower in the omega-6 pathway). Both AA and DHA showed some association with the maternal supply. The child's metabolism seemed to be mainly responsible for the variation between individuals in the highly unsaturated omega-6 FAs but also contributed to AA and DHA. By 7 years, the influence of the maternal supply had dissipated.
MATERIALS AND METHODS
Study population
The Avon Longitudinal Study of Parents and Children (ALSPAC) was established to explore the environmental, social, psychological and genetic factors associated with child health and development. It recruited 14 541 pregnant women in the Bristol area who had an expected delivery date between April 1991 and December 1992. The study area comprises a mixture of rural areas, inner-city deprivation, suburbs and moderate-sized towns as well as the city of Bristol. The cohort is broadly similar to the UK in terms of a range of demographic variables. A total of 13 988 children from the study were alive at age 1 year (39) . Ethical approval for the study was obtained from the ALSPAC Law and Ethics Committee and the Local Research Ethics Committees.
Maternal erythrocyte FAs
At least one blood sample was taken for FA analysis from 5144 mothers during pregnancy, of whom 4136 had at least one sample taken after 20 weeks of pregnancy. Up to six samples were available for each mother. Blood samples were collected in heparin-containing tubes and centrifuged at 1500g (2500 rpm) for 15 min at 48C to separate the red cells, which were then stored at 2208C until 1993 and subsequently at 2708C. Frozen red blood cell samples were shipped to the laboratories of Scotia Pharmaceuticals in Canada in 1996 for FA composition analysis as described previously (40) . Briefly, lipids from thawed red blood cells were extracted with chloroform and methanol, extracted lipids were redissolved in chloroform (100 ml) and phospholipids isolated by thin-layer chromatography with a mixture of hexane/diethyl ether/acetic acid (80:20:1 vol:vol:vol). FA methyl esters were prepared by incubation with 120 g/l boron trifluoride in methanol at 908C for 30 min. FA methyl esters were taken up in hexane. The amounts of 40 FAs were measured by gas-liquid chromatography. FA methyl esters were identified by comparison with authenticated standards. FA concentrations below the limit of detection of the assay (0.01% of standards) were recoded to half that value. Thirteen saturated (12:0 to 24:0), 11 monounsaturated (14:1 to 24:1) and 16 polyunsaturated (1 omega-9, 8 omega-6 and 7 omega-3) FAs were measured.
Cord and child 7-year plasma FAs
Umbilical cord blood was collected at birth and stored at 48C for 0 -8 days until transported to the ALSPAC laboratory. Blood samples were also obtained from the children aged 7 years at a special ALSPAC clinic. From these samples, plasma were obtained after centrifugal separation and frozen immediately. All samples were stored at 2708C, thawed once to obtain a 100 ml aliquot, shipped airfreight on dry ice to Rockville, MD, and thawed a second time for analysis. Transmethylation of lipids with acetyl chloride and methanol was performed using a simplified method based on the Lepage and Roy procedure (41), using a high throughput automated method (42) . Internal calibration was conducted by adding internal standards to each assay. A second standard was used to quantify the exact amount of internal standard in every batch for ongoing assay of experimental variability. Freedom Evo Instrument 200 (TECAN Trading AG, Switzerland) was utilized for the automatic transmethylation and extraction of FAs employing the customized control and automation software (EVOware v2.0, SP1, Patch3). Gas chromatography 6890 Plus LAN system (Agilent Technologies, Inc., Santa Clara, CA, USA) coupled with a fused-silica, narrowbored DB-FFAP capillary column (Agilent 127-32H2, 15 m × 0.1 mm I.D. × 0.1 mm film thickness) which was used for chromatographic separation of the fatty acid methyl esters as reported previously (42) . The assay was linear in the range of 1-600 mg/ml plasma. The within and between day imprecision was 3.26 + 1.2 and 2.95 + 1.6% for FA concentrations. Assays were undertaken in 2008-2010. In all, 22 FAs were measured including 11 polyunsaturates. For 7-year data, the omega-9 FA, mead acid, was additionally reported.
FADS2 genotyping
DNA was extracted from all available stored samples relating to 9656 children and 8678 mothers. Genotyping was undertaken by KBioscience Ltd using their own form of competitive allele-specific polymerase chain reaction system (KASPar) for SNP analysis. The failure rates for rs174575 and rs1535 were 6.5 and 5.2% for children and 4.9 and 4.2% for mothers. The error rate for genotyping of duplicate samples was ,0.2%.
Statistical analysis
Linear regression was used to analyse the FA data. Although untransformed results are reported for ease of interpretation, logtransformed data were also analysed to investigate sensitivity to non-normality. Adjustments were made for repeat observations in maternal data using random effect models. The effects of genotypes were modelled using additive (1 df) or genotype (2 df) effects. Additive effects are reported per copy of the minor allele. Analyses were restricted to those mothers or children of white ethnic origin to avoid problems of Hardy -Weinberg disequilibria amongst the non-white sub-group. Ethnicity used in this selection was derived from questionnaire data as reported by the mother and school census data. Maternal FAs were analysed by the maternal genotype only. Due to the possible effects of the maternal supply and the infant's own metabolism on cord and child plasma FA levels, these data were analysed by the maternal and infant genotypes individually in univariable analyses and jointly in bivariable analyses to assess each genotype's independent effect. Analyses were also repeated adjusting for a number of potential confounders including gestation, multiple pregnancy, parity, maternal age, smoking during pregnancy, pre-pregnancy BMI, family adversity and gender (cord and child data only).
Due to the LD between rs1535 and rs174575 (r 2 ¼ 0.66, D ′ ¼ 0.97 for both maternal and child genotypes), the main results are presented for rs1535 with results for rs174575 reported in Supplementary Material.
